Human embryonic stem cells (hESCs) were first isolated in 1994 from the inner cell mass of human blastocysts [1] and later in 1998, the first hESC line was established [2] [3, 4] , endothelial cells [5, 6] , bone cells [7, 8] , neuronal cells [9, 10] (PCL/collagen, 156.25 Ϯ 7 M and PCL/gelatin, 135.42 Ϯ 5 M) 
 [12, 13] 
. The third hurdle is the problem of inadequate hESC numbers for derivation of desirable tissues. The population doubling time is long for hESCs (36-48 hrs) and it is estimated that at least 1-5 million hESC-derived cells may be required for each injection site when it comes to human application. Current culture protocols using feeder and feeder-free methods do not yield large cell numbers for research and application. Additionally, hESC grow as small colonies further limiting cell numbers and the use of animal feeders pose a contaminating viral risk to the hESCs. The interactions of various non-biological biomaterials with hESCs for differentiation have been studied. A highly degradable porous polymer scaffold of poly-L-lactic acid (PLLA) and polylactic-co-glycolic acid (PLGA) with a pore size of 250-500 M seeded with differentiated hESCs and various growth factors was shown to support attachment, growth and differentiation into capillary and neuroectodermal-like structures
. Acrylate-based polymers in the form of microarray spots enabled large scale screening of different polymers and their ability to support the growth and differentiation by cells isolated from embryoid bodies [15] . Synchronously contracting engineered cardiac tissue was developed using porous sponges composed of 50% PLLA and 50% PLGA seeded with triple cell-based culture of hESC derived cardiomyocytes, endothelial cells and embryonic fibroblasts [16] . Nanofibre 
Cell proliferation assay
The HES3 cells were cultured on glass cover slips in 24- (Fig. 3A) . The HES3 cells that were cultured on PCL/gelatin and PCL/collagen nanofibrous scaffolds in the presence of mitomycin-C treated MEFs had an increased number of nicer large compact circular undifferentiated colonies compared to the conventional controls. Such a nice compacted circular undifferentiated colony is shown in Fig. 3C and E (low magnification) and Fig. 3D and F (high magnification) (Fig. 4) 
RT-PCR

GAPDH -(F): 5Ј-GAGTCAACGGATTTGGTCGT-3Ј, (R): 5Ј-TTGATTTTGGAGGGATCTCG-3Ј, 55ЊC, 30 cycles; OCT-4 -(F): 5Ј-CGAC-CATCTGCCGCTTTGAG-3Ј, (R): 5Ј-CCCCCTGTCCCCCATTCCTA-3Ј, 55ЊC, 30 cycles; NANOG (F); 5Ј-AATACCTCAGCCTCCAGCAGATG-3Ј, (R): 5Ј-CAAAGCAGCCTCCAAGTCACTG-3Ј, 55ЊC, 30 cycles; SOX-2 -(F): 5Ј-CCC-CCGGCGGCAATAGCA-3Ј, (R): 5Ј-TCGGCGCCGGGGAGATACAT
Fig. 2 Scanning electron microscopic images of human embryonic stem cell (hESC) colonies on nanofibrous scaffolds: (A) hESCs cultured on mouse embryonic fibroblasts (MEFs) in conventional culture (control). (B) hESCs cultured on PCL/gelatin nanofibrous scaffolds and MEFs (experimental) (C) hESCs cultured on PCL/collagen nanofibrous scaffolds and MEFs (experimental). The nanofibres could not be visualized by SEM even at higher magnification but the typical hESC colonies could be seen at low magnification.
the scaffolds with the addition of PCL to obtain better stability in all the actual experiments and replicates of the present study ( Fig. 5A and B) . Even with this modification the scaffolds were not clearly visible as culture progressed and the colonies became larger. However, the existence of these scaffolds was confirmed because they were again clearly visible upon trypsinization of the HES3 cell colonies (Fig. 5C and D) . The trypsinized HES3 cells upon re-plating on MEFs formed circular colonies once again (Fig. 5E and F) . (Fig. 6 ). Fig. 7) . [18] . Variations in surface topography, surface chemistry and conformations have enabled enhanced cell adhesion, growth and differentiation towards an osteogenic lineage [19, 20] . Three-dimensional matrices to mimic the ECM have been used to culture hESCs that expressed markers for all three embryonic germ layers [21] and also direct them towards a neuronal phenotype [22] . The use of nanofibre scaffolds to enhance proliferation and self-renewal of mouse embryonic stem cells [23] and to direct mesenchymal stem cells towards osteogenic differentiation [24] have also been reported previously. Mesenchymal stem cells grown on 500-1000 nm nanofibres had greater cell viability than tissue culture polystyrene controls [24] .
Cell proliferation -MTT assay
The HES3 cells grown in conventional culture conditions in the presence of MEFs (controls) had good colonies with minimal differentiation at the periphery of the colonies. Similarly, the HES3 colonies cultured on both types of nanofibrous scaffolds with MEFs showed nice circular colonies with minimal differentiation. A significant increase in undifferentiated HES3 cell numbers was observed in both PCL/gelatin and PCL/collagen nanofibrous scaffold
Fig. 3 Phase contrast images of human embryonic stem cell (hESC) colonies on nanofibrous scaffolds: (A, B) Low (10ϫ) and high (40ϫ) magnification of hESCs cultured on mouse embryonic feeders (MEFs) in conventional culture (controls); (C, D) Low (10ϫ) and high (40ϫ) magnification of hESCs cultured on PCL/gelatin nanofibrous scaffolds and MEFs (experimental); (E, F) Low (10ϫ) and high (40ϫ) magnification of hESCs cultured on PCL/collagen nanofibrous scaffolds and MEFs (experimental). The hESC colonies were well formed and there were more colonies on PCL/collagen nanofibrous scaffolds compared to PCL/gelatin nanofibrous scaffolds and controls.
Fig. 4 Mean Ϯ S.E.M. diameters from five replicates of human embryonic stem cell (hESC) colonies following culture on (i) mouse embryonic feeders (MEFs) (controls), (ii) PCL/gelatin nanofibrous scaffolds ϩ MEFs (experimental) and (iii) PCL/collagen nanofibrous scaffolds ϩ MEFs (experimental). Colony size were determined using Nikon Digital sight DS-Fi1 and NIS elements software version BR3 (Nikon Instruments
)
Marker analysis of hESCs
Immunophenotyping of HES3 cells grown in conventional culture on MEFs and on PCL/gelatin and PCL/collagen nanofibrous scaffolds with MEFs (experimental) demonstrated strong positive staining for OCT-4, TRA-1-60, TG-30 and GCTM-2 (
RT-PCR
Semi-quantitative RT-PCR analysis revealed expression of the hESC stemness-related genes, namely NANOG, OCT-4 and SOX-2 for HES3 cells grown on the nanofibrous scaffolds with MEFs and also the controls (Fig. 8) (The internal control is the GAPDH and last lane was the negative control). The 'stemness' markers were
Fig. 6 Human embryonic stem cell (hESC) proliferation following culture on nanofibrous scaffolds: The hESCs were cultured on (i) mouse embryonic feeders (MEFs) (controls), (ii) PCL/gelatin nanofibrous scaffolds ϩ MEFs (experimental) and (iii) PCL/collagen nanofibrous scaffolds ϩ MEFs (experimental). The cell proliferation was determined by MTT assay following culture for 5 days. All values are expressed as mean Ϯ S.E.M. from three different replicates. *Indicates statistical significance of P Ͻ 0.05 from control. highly expressed in the HES3 cells cultured on PCL/gelatin and PCL/collagen with MEFs (experimental) and these expression levels were almost similar in intensity to the controls (HES3 cells cultures on MEFs).
Discussion
The use of nanotechnologies to manipulate and track stem cells offers new opportunities in stem cell biology. It has tremendous potential in advancing our understanding of various cellular events happening at the lower order of the microscopic scale and has important applications in stem cell tracking, differentiation and transplantation. It is quite difficult to comprehend the biological events that might happen within the in vivo system at nanoscale levels, but the fact is that the living cells would react with other objects even at 5 nm which are few thousand times less than the cell itself and continue to exert its functions
Although [25] . An ideal scaffold should be biocompatible, biodegradable, bioactive, impart necessary support, be highly porous with a large surface area to volume ratio, non-toxic and minimally antigenic [26, 27] . In the present study, we have designed nanofibrous scaffolds using a combination of PCL/collagen and PCL/gelatin that have the above criteria and hence their positive support of the growth of hESCs. Similar nanofibrous scaffolds have supported other cell types [28] [29] [30] .
In the present study, the hESC colonies on both nanofibrous scaffolds were larger and had increased cell proliferation compared to controls but the PCL/collagen scaffold was superior in terms of cell number, size of colonies and attachment to the culture substrate (Figs 2-4 [33] emphasized that the concept of bioresorption should encompass the degradation of the polymer system and the elimination or metabolization of the degraded byproducts from the body. Furthermore, the high surface area of the nanofibres may accelerate degradation rate.
In the present study, we successfully passaged further the hESCs that were grown on nanofibrous scaffolds confirming that the nanofibrous scaffolds were non-toxic to the cells. This would help in further amplification and downstream applications (Fig. 5E and F) .
The nanofibrous scaffolds did not appear to affect the 'stemness' characteristics of the hESCs because they demonstrated positive staining for some of the stemness related surface markers namely OCT-4, TRA-1-60, TG-30 and GCTM-2 (Fig. 7) . This was further confirmed with the expression of the stemness-related genes namely, NANOG, SOX-2 and OCT-4 (Fig. 8) .
Various approaches are in progress to boost hESC numbers for clinical application. These include automated platforms and bioreactor-based systems. Rotary suspension culture enhanced to some extent the efficiency, yield and homogeneity of hESC-derived embryoid bodies for differentiation [34] . All these have their advantages and disadvantages as reviewed by Thomson [35] 
